Background: Pain management for term newborns undergoing clustered painful procedures has not been tested. Kangaroo Care (chest-to-chest, skin-to-skin position of infant on mother) effectively reduces pain of single procedures, but its effect on pain from clustered procedures is not known. Aim: The aim was to test Kangaroo Care's effect on pain in one term infant who received clustered painful procedures while determining feasibility of the Kangaroo Care intervention. Design, Setting, and Participant: A case study design was used with one healthy term newborn who received two heel sticks and one injection in one session in the mother's postpartum room. Method: Heart rate and oxygen saturation (recorded from Massimo Pulse Oximeter every 30 seconds), crying time (total seconds of crying on videotape) and behavioral state (using Anderson Behavioral State Scoring system every 30 seconds) were measured before (5 minutes), during (10.5 minutes) and after (30 minutes) the three clustered painful procedures in a newborn who was in Kangaroo Care during all observations. One staff nurse administered the clustered procedures. Results: Heart rate increased sequentially with each heelstick, oxygen saturation remained unchanged, sleep predominated, and crying was minimal throughout the procedures. Conclusion: Kangaroo Care appeared to reduce pain from clustered painful procedures and can be further tested.
Introduction
Newborns can suffer from procedural pain due to Vitamin K and vaccination shots as well as heel sticks for blood sampling (for metabolic screening and blood glucose levels) in the newborn period. Repeated unrelieved procedural pain is related to detrimental physiologic and behavioral outcomes [1] , including long-term heightened pain or hyperalgesia [2] , increased stress sensitivity [3] , altered neurobehavioral development [4] [5] , and life threatening physiological reactivity [6] [7] . Once newborn perception of pain [8] and negative responsivity to pain [9] became known, the Joint Commission began mandating that interventions to reduce pain be administered with each procedure and that infant response to the intervention be documented [10] . Many pharmacologic and non-pharmacologic interventions are not consistently used due to lack of knowledge about the interventions, their unavailability, and/or perceived impaired effectiveness [11] . Kangaroo Care [KC] (chest-to-chest, skin-toskin contact between mother and infant) is a readily available non-pharmacologic intervention that may relieve pain from clustered painful procedures. Our review of published literature did not yield any reports or studies of KC's use during clustered pain procedures.
Problem & Purpose
Lack of evidence about KC effects on pain from clustered painful procedures was the problem of the study. The purpose was to determine if KC had any effect on pain responses from clustered procedures (a heel stick for bilirubin, another heel stick for metabolic screening, and then a Hepatitis B vaccination) by conducting a case study with a healthy term infant who was two days old.
Significance
Infant response to clustered pain procedures has not been observed, so the data from the case study provided seminal results to inform definitive studies.
Literature Review
Several studies investigating the effect of repeated pain procedures were found [12] - [14] , but each study tested one painful procedure per day. Investigations of clustered painful procedures during the postnatal period were not found, but one study of clustered painful procedures during infancy was available. Two injections in one session were given to 2-month old infants after receiving 25% oral glucose. A significant decrease in crying time and behavioral pain responses occurred with oral glucose [15] . Two other studies were found that measured pain responses to clustered care, not to clustered painful procedures, and both reported heightened behavioral and motor pain responses in preterm infants when given a heel stick immediately after clustered care [16] [17] . A rich evidence-base exists that shows KC is able to reduce the pain of a single procedure. Kangaroo Care relieves pain from one heel stick [18] or one injection [19] . A Cochrane analysis of randomized trials of KC's pain reduction effects in preterm infants showed that KC is highly effective in reducing the pain associated with one single pain procedure [20] . The same Cochrane review also reported that no studies could be found relating KC's effects on pain responses to two or more painful procedures conducted one right after the other in one session, called clustered pain procedures.
Method

Research Question
The research question was "What are the infant's pain responses to clustered painful procedures when KC is used as a pain reduction method?"
Design & Setting
The case reported here was the first subject of a planned pretest (Baseline)-test (clustered painful procedures)-posttest (Recovery) randomized controlled trial of KC effects on pain with clustered painful procedures (heel stick(s) + injection in one session). After consent, a sealed envelope revealed assignment to KC during the clustered painful procedures occurring on the postpartum unit. Thus, the design for the case study was a pretest-test-posttest report of one full term, healthy newborn infant who had appropriate weight for her gestational age and who was provided KC by her mother. The study was conducted at an urban, tertiary level maternity unit in central Ohio. Kangaroo Care in the delivery room was not given. The infant received a vitamin K injection in the delivery room and was to have a Hepatitis B vaccination after 24 hours of age. Hospital policy mandates that infants receive all painful procedures at the same time, so a heel stick for metabolic screening was scheduled with the Hepatitis B injection. If subcutaneous bilirubin was positive, additional blood for serum bilirubin was to be collected during the heel stick procedure; this mandate did apply to the subject of the case study. Hospital and University Institutional Review Board approvals were obtained. The mother eagerly gave signed informed consent.
Subjects
The 29 year old white mother had had three previous pregnancies resulting in two live births prior to the birth of this daughter by cesarean section at 39 weeks of gestation (full term). The newborn girl weighed 3700 grams and the one and five minute APGAR scores (scores of infant medical status) were 9 and 9. The mother had a college degree, was not a smoker, and had no history of drug abuse.
Procedure
After consent, on the day during which the infant was to be given a heel stick for metabolic screening and an injection for Hepatitis B vaccine, the staff nurse conducted a subcutaneous bilirubin check. The bilirubin check was positive, indicating that a serum bilirubin was needed and would require a heel stick, too. The video camera was set-up while the mother was assisted into a 30 -45 degree upright position. The infant wore only a diaper, and was transferred into KC (prone placement skin-to-skin, chest-to-chest with the mother and covered by a receiving blanket folded over once). A warming pad was placed over the left heel of the infant and left in place for 10 minutes while mother and infant relaxed in KC, as recommended [21] . A Massimo Radical 7 pulse oximeter was attached to the infant's right hand and displayed heart rate (HR) and oxygen saturation (SaO 2 ) level on the screen. A Sony video camera was placed on a tripod with the focus on the infant as she laid in KC and was positioned such that the face and body movements beneath blankets could be observed. The video recorded audio and visual information and was used by one research nurse to score the highest level of behavioral state obtained over the prior 30 second interval, continuing throughout each period, using the 12-state Anderson Behavioral State Scoring system (ABSS). Behavioral state means that the state of consciousness of the infant is determined from behavioral characteristics rather than through electroencephalographic characteristics. The ABSS consists of 12 categories that describe the neonate's behavioral state (actions of neonates in response to their internal and external environment). The ABSS is a nominal observational scoring system of 12 mutually exclusive categories of neonatal behavioral state: 1 = Quiet Regular Sleep, 2 = Quiet Irregular Sleep, 3 = Active Sleep, 4 = Very Active Sleep, 5 = Drowsy, 6 = Alert Inactivity, 7 = Quiet Awake, 8 = Active Awake, 9 = Very Active Awake, 10 = Fussing, 11 = Crying, and 12 = Hard Crying. State 12 (Hard Crying) is the highest state level. The ABSS has been used extensively [22] and has established concurrent validity and reliability between 0.71 and 0.95 [23] - [25] . Baseline data collection lasted five minutes, beginning at the end of the 10 minutes KC time with the mother and ending when the staff nurse performing the heel sticks and giving the injection came to the infant. As soon as the nurse finished adjusting the infant's position from upright chest-to-chest to an oblique chest-tochest lie for easy access to the infant's heel, the test period began. The staff nurse then withdrew the infant's left foot from the wrap covering the infant's body, removed the warming wrap from the heel, positioned the heel between her fingers and used a spring-loaded lancet for the first heel stick. The heel was squeezed for the bilirubin sample and some of the metabolic screening sample. A second heel stick at the same site was needed to saturate all five of the metabolic screening circles on the test strip. As soon as the circles were completely saturated, the test strip was put down and gauze was wrapped around the heel. Then the infant's upper leg was removed from beneath the wrap, wiped with alcohol and injected. Next, the leg was replaced under the wrap and the mother was told that the procedure was over. The mother then repositioned the infant upright between her breasts. The test period was then over and had lasted ten minutes. The post-test period began as soon as the mother had positioned her infant after the procedures and continued for 30 minutes to capture peak response to pain which occurs 20 -30 minutes after the painful stimulus [22] and to determine when physiologic responses returned to Baseline. Heart rate and oxygen saturation level were continuously recorded by Massimo Radical 7 pulse oximeter and downloaded into a laptop; behavioral state was assessed every 30 seconds by a research nurse trained to 0.95 reliability on the 12-state Anderson Behavioral State Scoring system, and crying time was measured in seconds by stopwatch run by a second research nurse. Crying was defined as audible whimpering or crying. To determine the infant's behavioral state, the videotape of the infant was continually observed throughout multiple 30 second intervals and the highest level of arousal within each interval was scored ("Quiet Alert" was always scored "Quiet Alert"). Data were analyzed using SPSS Version 19. Feasibility The mother reported no difficulty in maintaining KC throughout all the procedures and commented that the infant did not squirm at all or change her position.
Results
Baseline
Discussion
A two-day-old healthy full term female received two heel sticks and one injection, one right after the other, during one session of KC and showed reduced pain responses (HR, SaO 2 , behavioral state, crying time) to each sequential pain experience throughout two heelsticks (10 minutes), injection (30 seconds), and recovery (30 minutes) periods. Each painful procedure increased the infant's heart rate above Baseline: the second heel stick increased her heart rate more than the first heel stick, but heart rate was not as greatly increased during the injection (3 rd painful procedure). Oxygen saturation did not decrease with any heel stick or injection and only dropped once (by 5%) during squeezing at the end of the first heel stick, so stability in SaO 2 predominated. Crying time was longest during the first heel stick, shorter with the second heel stick, and was longer again with the 30-second injection. The infant was predominantly in a sleep state during each period and aroused to a crying state with squeezing during the first heel stick and during the injection. Oxygen saturation, crying time, and behavioral state returned to Baseline by the first observation of the Recovery period (indicating a swift recovery), and HR returned to Baseline by minute 5 of Recovery, vacillating slightly thereafter. Even with three consolidated painful procedures, no bradycardia (heart rate < 120 bpm) nor oxygen desaturation (<88%) occurred.
Pain-induced changes occurred with each painful procedure, showing 1) similar heart rate data to previous results in preterm infants [26] and full term infants [27] receiving heel sticks or injections [28] [29]; 2) similar oxygen saturation findings of relative stability within clinically acceptable ranges during KC [30] ; and 3) controversial crying time results in that crying time was longer with the first heel stick than with the second. A shorter cry response to the second heel stick is consistent with previous reports of lower behavioral activity with repeated pain [3] . Crying time during and after the injection was lower than crying time with the previous heel sticks. Shorter injection-based crying time is similar to previous work [31] , but that our infant cried at all during the injection in KC is contrary to the findings of [32] Vivancos, Leite, Scochi, and Dos Santos (2010) who found no crying in response to a Hepatitis B injection during KC in 20 term newborns. This difference may be explained by the number of invasive procedures the infants experienced: when the Hepatitis B injection was the one and only invasive procedure [32] , crying did not occur, but, when the Hepatitis B injection followed two previous invasive procedures, crying did occur, probably due to heightened arousal and sensitivity to pain. Further, vacillations in crying time indicated an individual inconsistency in crying response to pain across the three invasive procedures, similar to previous work [33] . [34] . Because our subject's pain responses were predominantly similar to those of other full term infants' responses to painful stimuli during KC, the role of KC in minimizing infant pain has been confirmed, and KC's role in minimizing clustered pain responses is suggested and merits further investigation. Increases in each pain response over Baseline clearly indicated pain. A contribution of the data reported here is that the full term infant was able to mount changes in physiologic and behavioral responses to three painful procedures that were clustered together. Interestingly, the third painful procedure, the injection, did not induce as much of an increase in HR and crying time as the first and second heel sticks. The response to the injection may be explained in several ways. The injection may not have been as painful as the heel sticks, which could reflect the larger size of the lancet than the needle. A larger size instrument increases intensity of pain more than a small size instrument [35] . Usually, the larger the incision, the more damage there is to tissue and the pain response is increased [36] . Another possibility is that the injection process was shorter and less complex than the heel stick, because the injection involves insertion of needle, injection of medication, and removal of needle, usually accomplished in 10 seconds, and then the infant is left alone. But, with a heel stick, after the lancet is removed, the foot is not only held longer, but the heel tissue is also squeezed. Squeezing is more painful than the lance [26] and causes different HR and behavioral state responses than the actual lance when analyzed as two distinct phases of a heel stick [26] . Also, the duration of exposure to pain was much shorter with the injection than with the heel sticks. In our study, the injection took 30 seconds and the heel stick procedures took 10 minutes. Brain physiology relates that pain responses are generated within 20 -40 seconds of a painful stimulus [37] . Her HR started increasing 150 seconds after the heel stick, unlike heart rate rises that occur within 20 seconds of a heel stick without Kangaroo Care [37] . Our data suggest that the pain response to the injection was initiated, but physiologic (HR and SaO 2 ) and behavioral state return to Baseline was quite quick, within five minutes, again suggesting that the short duration of exposure to pain can facilitate swifter Recovery. Physiologic and behavioral parameters of pain have returned to Baseline within 2 to 20 minutes post-event when term infants have been in Kangaroo Care [19] [27] [28] [34] . Another contributor to pain, other than duration of the painful stimulus, is the number of painful events occurring within a short time frame. The brain's response to one acute painful event may be different than it is to clustered painful events, as can occur with prolonged pain [38] . Presenting three painful procedures one right after the other can be considered prolonged pain [38] and the brain's response to pain may habituate to the last of the clustered procedures. The fact that most pain responses changed the most in response to the first two painful events but not to the third support's Van Dijk's theory of habituated brain response over repeated painful stimuli.
An infant's state at the time of any painful procedure modifies pain response [39] . At the time of the injection, the infant was asleep; sleep decreases the number and intensity of painful responses [40] . The infant was also asleep when the first heel stick was conducted and continued to remain asleep for a full four minutes. The intensity of the painful stimulus influences pain response, too. Nurses give the injection last because nurses believe "all babies cry with the injection". Our infant cried 18 seconds out of 30 seconds for the injection, and for 61 seconds out of 10 minutes for the two heel sticks. These data indicate that the injection of vaccine into muscle tissue incurred more crying than heel sticks and squeezes of the epithelium. More crying (and pain) with the third procedure contradicts previous findings [41] which showed that the pain reducing effects of KC increased over time. Kangaroo Care has antinociceptive effects for many reasons [22] [42], one of which is oxytocin release in the brain [43] [44]. Uvnas-Moberg et al.'s work has shown that central oxytocin blocks pain reception, raises the pain threshold and increases release of endogenous opioids to produce antinociception [44] . Pleasant human touch is specifically coded-for in brain areas responsible for minimizing pain perception [45] . Kangaroo Care is pleasing human touch and it modifies infant pain [45] by increasing opioid peptide secretion in infants [46] [47]. Limitations. A limitation of the study was the case study design in which only one subject has been tested. Thus, the results should be interpreted with caution as they reflect only one infant's response to clustered painful procedures and individual infants differ in their pain responses [39] . A case study sets the stage for future research; one must be cautious about making recommendations for practice based on a sample size of one. Another limitation was that the heel stick was done on the infant's left foot, and the left side of term newborns' bodies produce less prefrontal brain activation with pain than the right side of the body [48] , indicating study of sticks on both sides of the body is warranted.
Implications. The case study provides an indication that KC may be helpful in managing the pain of clustered painful procedures in full term neonates. Most mother-baby nurses do not know that KC minimizes pain [49] ; thus, nursing education needs to include KC as a non-pharmacologic pain reduction intervention for newborns and infants. In regards to practice, nurses can now be assured that KC can be used to minimize bedside procedural pain [20] [50] and can practice in a way consistent with current best practice recommendations [9] [51] . Also, the mother we studied eagerly participated, suggesting a positive attitude toward holding her infant during the clustered painful procedures; some, but not all, mothers want to hold their infants during painful procedures [52] [53] . Determining and encouraging maternal willingness to do so are recommended.
Kangaroo Care's effectiveness in minimizing pain due to clustered painful procedures needs to be established by adequately powered experimental studies. Future studies could also consider the nurse's level of empathy for the infant's pain because nurse empathy is expected to be related to the magnitude of pain an infant experiences [54] . Future research can also address the possibility that clustered painful procedures may be less painful than single painful procedures.
Conclusion
This case study of a healthy term female newborn suggests that KC minimizes the pain of clustered painful procedures performed on the left side of the body. Clustered painful procedures were tolerated without bradycardia and oxygen desaturation during KC. Further studies with a larger sample size and experimental designs are needed to establish KC's role in the management of pain from clustered painful experiences.
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